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1 Introduction
During RAN1#63bis work on 8C-HSDPA was initiated. The following was agreed:

· 8C-HSDPA shall be designed so it can operate with a single uplink carrier

· All 8 downlink cells shall be transmit-time-aligned

· Working assumption: From RAN1 point of view, physical layer signalling will be agnostic to supported RF combinations

This contribution presents our view with respect to the HS-DPCCH solution for 8C-HSDPA.

2 Discussion
2.1 Bundling of HARQ-ACKs

Aside from straightforward extensions where the amount of HS-DPCCH feedback (HARQ-ACKs and CQIs) is doubled there were some proposals [1]
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[2] in which one transport block was mapped to two downlink carriers/streams (i.e. carriers are grouped together). In this way it was argued that the Rel-10 HS-DPCCH solution could be reused. Although this could be a simple approach in the sense that it minimizes the impact on RAN1 specs it should be noted that:

· The MAC specifications would need to be updated with new transport block size. (I.e. this approach will result in more work in RAN2). Aside from increasing testing this will results in some performance loss due to the lower granularity.
· When downlink cells are bundled it is not obvious how channel quality information (CQI) estimation should be performance, e.g. if the two paired carriers are located in different bands (e.g. in a 5+3 configuration as illustrated in Figure 1). If carriers are spread across more bands (e.g., in future releases) this problem would become even more severe. Also when the downlink carriers that are bundled are configured in MIMO mode it is not obvious how and if the pre-coding weight information associated with the different downlink carriers should be signalled to the network.
· Also, even if the paired carriers are adjacent the UE can experience very different SIR levels on two carriers. This could happen in deployments where operators reuse one of the frequencies for deploying micro/pico/femto cells. Thus, aggregating the channel state information into one CQI value is likely to reduce downlink throughput also in scenarios where the paired cells are in the same band.
· Depending on the activation status of the downlink carriers it may be so that the network and UE should apply different TBS tables. This will reduce the robustness of 8C-HSDPA. (Alternatively a solution with parallel modes would need to be specified.) 
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Figure 1: Illustration of a configuration with 3+5 downlink carriers configured. 
Finally we notice that although it is important to minimize the HS-DPCCH this will not constitute the majority of the overhead for 8C-HSDPA (this vast majority of uplink overhead will rather stem form TCP ACKs and other higher layer feedback).
Since pairing downlink carriers (and reusing the Rel-10 HS-DPCCH solution) will come at a performance degradation and the benefit in terms of reduced HS-DPCCH overhead is likely to be small we propose that: 
Proposal 1: Carriers should not be paired for the purpose of CQI and HARQ-ACK reporting in 8C-HSDPA.

In the remaining of this paper we focus on HS-DPCCH solutions in which a separate transport block is transmitted on each downlink carrier.

2.2 Feedback channel structure

The HS-DPCCH sub-frame structure used in all earlier releases consists of a 1-slot HARQ-ACK field followed by a 2-slot CQI/PCI field. Changing this subframe structure could have significant impact on e.g. HARQ protocol timing budget, CQI measurement period and DTX/DRX pattern definitions. Therefore we think that the subframe structure should be kept unless there are strong reasons to do otherwise.

Proposal 2: The HS-DPCCH subframe structure with a 1-slot HARQ-ACK field followed by a 2-slot CQI field should be kept.

In our view, the minimum CQI feedback cycle can be the same as in Rel-9 DC-HSDPA-MIMO and Rel-10 4C-HSDPA, i.e. 4 ms.

Proposal 3: The minimum CQI feedback cycle is 4 ms (same as in Rel-9 DC-HSDPA-MIMO and Rel-10 4C-HSDPA).

In our view there are two main design alternatives for 8C-HSDPA; either rely on a 1xSF64 HS-DPCCH solution or I/Q multiplex 2xSF128 HS-DPCCHs on the same channelization code. In both these cases, it will be possible to despread the HS-DPCCH(s) in the Node B using a single despreader.

Schematic illustrations of the two HS-DPCCH solutions are presented in Figure 2 and Figure 3.
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Figure 2: Illustration of a HS-DPCCH slot format if a 1xSF64 solution is adopted. 
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Figure 3: Illustration of a HS-DPCCH format if 2xSF128 solution is adopted. 
2.3 HARQ-ACK and CQI information encoding

During Rel-8 to Rel-10 a significant amount of work was spent on designing new HARQ-ACK codebooks. In our view, the additional performance gain from designing yet another HARQ-ACK codebook would be marginal. As this furthermore would be associated with additional implementation and testing cost our preference would be to reuse the Rel-9/10 HARQ-ACK codebook for 8C-HSDPA.

Proposal 4: The Rel-9/10 HARQ-ACK codebooks are reused for HARQ-ACK transmissions.

Also, following the design principles in Rel-10 it is desirable to avoid half-slot transmissions (or that the transmit power changes within a slot) as well as ensuring the CQI/PCI feedback information is self-contained. 

Proposal 5: The transmit power in slots carrying HARQ-ACK or CQI/PCI information should be fixed during the entire slot (as in all previous releases).
Proposal 6: The CQI/PCI information encoding is self-contained (as in Rel-9 and Rel-10).
2.4 Carrier re-mapping upon HS-SCCH ordered (de)activation

As a general design principle we should also (as for the other MC-HSDPA features) aim at ensuring that 8C-HSDPA achieves similar HS-DPCCH coverage as in previous releases given that the same number of downlink carriers are activated. For both the I/Q multiplexed 2xSF128 and the 1xSF64 solution this implies that dynamic re-ordering (combined with repetition) is necessary at least when a total of four or fewer downlink carrier(s) are activated. To ensure robustness we should however require that the HARQ-ACK and CQI information associated with at least the serving HS-DSCH cell never is remapped (this is similar to Rel-10).  

Proposal 8: 8C-HSDPA should provide a similar HS-DPCCH coverage as provided by Rel-8/9/10 when the same number downlink cells are activated.
Proposal 9: The HARQ-ACK and CQI/PCI information associated with the serving HS-DSCH cell should not be remapped.
Since the CQI/PCI of two different carriers will be multiplexed into one slot when a 1xSF64 is employed it should be noted that it will be necessary to introduce a DTX codeword for the CQI information (see Figure 2). One possibility would be to use the “all-zero” CQI.

2.5 HS-DPCCH related parameters

During the WIs for the other MC-HSDPA features there have been discussions on whether there is a need for carrier specific HS-DPCCH parameters. As the CQI repetition factor as well as the HARQ-ACK repetition is related to the HS-DPCCH uplink coverage and this is transmitted on one uplink carrier only there are no technical reasons to allow for carrier specific HARQ-ACK and CQI repetition factors. 

Proposal 10: The HARQ-ACK repetition factor (N_acknack_transmit) and CQI repetition factor (N_cqi_transmit) should be common for all configured downlink carriers.
Given that the downlink carriers are spread over different frequency bands and moreover may be configured in MIMO mode on a per carrier basis there could be reasons for allowing carrier specific CQI feedback cycle for 8C-HSDPA. On the other hand, this was also true for Rel-9 DB-DC-HSDPA and Rel-10 4C-HSDPA and in those two releases RAN1 agreed to use a common CQI feedback cycle. To maximize the commonality of the different features it could thus be motivated to use a common CQI feedback cycle for 8C-HSDPA.

Proposed working assumption: The CQI feedback cycle is common for all downlink carriers.
2.6 Cubic metric 

A cubic metric analysis of the two options 1xSF64 and 2xSF128 I/Q multiplexed is presented in [7]. From that analysis we observed that 1xSF64 in general have a 1 dB smaller cubic metric. Hence, from a coverage point of view a 1xSF64 HS-DPCCH is preferable over 2xSF128 I/Q multiplexed solution.

Proposal 11: Agree on a 1xSF64 HS-DPCCH solution for 8C-HSDPA.

3 Conclusions
In this contribution we have discussed HS-DPCCH design for 8C-HSDPA. The following is proposed:
Proposal 1: Carriers should not be paired for the purpose of CQI and HARQ-ACK reporting in 8C-HSDPA.

Proposal 2: The HS-DPCCH subframe structure with a 1-slot HARQ-ACK field followed by a 2-slot CQI field should be kept.

Proposal 3: The minimum CQI feedback cycle is 4 ms (same as in Rel-9 DC-HSDPA-MIMO and Rel-10 4C-HSDPA).

Proposal 4: The Rel-9/10 HARQ-ACK codebooks are reused for HARQ-ACK transmissions.

Proposal 5: The transmit power in slots carrying HARQ-ACK or CQI/PCI information should be fixed during the entire slot (as in all previous releases).
Proposal 6: The CQI/PCI information encoding is self-contained (as in Rel-9 and Rel-10).
Proposal 8: 8C-HSDPA should provide a similar HS-DPCCH coverage as provided by Rel-8/9/10 when the same number downlink cells are activated.
Proposal 9: The HARQ-ACK and CQI/PCI information associated with the serving HS-DSCH cell should not be remapped.
Proposal 10: The HARQ-ACK repetition factor (N_acknack_transmit) and CQI repetition factor (N_cqi_transmit) should be common for all configured downlink carriers.
Proposed working assumption: The CQI feedback cycle is common for all downlink carriers.
Proposed working assumption: The CQI feedback cycle is common for all downlink carriers.
Proposal 11: Agree on a 1xSF64 HS-DPCCH solution for 8C-HSDPA.
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